Early events in the transport of proteins into mitochondria. Import competition by a mitochondrial presequence.
Studies with a synthetic presequence peptide, F1 beta 1-20, corresponding to the NH2-terminal 20 amino acids of the F1-ATPase beta-subunit precursor (pF1 beta) show that although this peptide binds avidly to phospholipid bi-layers it does not efficiently compete for import of full-length precursor into mitochondria, Ki approximately 100 microM (Hoyt, D.W., Cyr, D.M., Gierasch, L.M., and Douglas, M.G. (1991) J. Biol. Chem. 266, 21693-21699). Herein we report that longer F1 beta presequence peptides F1 beta 1-32 + 2, F1 beta 1-32SQ + 2, and F1 beta 21-51 + 3 compete for mitochondrial import at 1000-, 250-, and 25-fold lower concentrations, respectively, than F1 beta 1-20. A longer peptide, F1 beta 1-51 + 3, was no more effective as an import competitor than F1 beta 1-32 + 2. Both minimal length and amphiphilic character appear required in order for F1 beta peptides to block mitochondrial import. Import competition by longer F1 beta peptides seems to occur at a step common to all precursors since they blocked import of precursors to F1-ATPase alpha- and beta-subunits and the ADP/ATP carrier protein. Dissipation of membrane potential (delta psi) across the inner mitochondrial membrane is observed in the presence of F1 beta-peptides, but this mechanism alone does not account for the observed import inhibition. F1 beta 1-32 + 2 and 21-51 + 3 block import of pF1 beta 100% at peptide concentrations which dissipate delta psi less than 25%. In contrast, experiments with valinomycin demonstrate that when mitochondrial delta psi is reduced 25% import of pF1 beta is inhibited only 25%. Therefore, at least 75% of maximal import inhibition observed in the presence of F1 beta 1-32 + 2 and F1 beta 21-51 + 3 does not result from dissipation of delta psi. Import inhibition by F1 beta-peptides is reversible and can be overcome by increasing the amount of full-length precursor in import reactions. F1 beta presequence peptides and full-length precursor are therefore likely to compete for a common import step. Presequence dependent binding of pF1 beta to trypsin-sensitive elements on the outer mitochondrial membrane is insensitive to inhibitory concentrations of F1 beta presequence peptide. We conclude that import inhibition by F1 beta presequence peptides is competitive and occurs at a site beyond initial interaction of precursor proteins with mitochondria.